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(54) Title: MULTIPLEX LIGATIONS-DEPENDENT AMPLIFICATION 
(57) Abstract 

A method of multiplex amplification features a plurality of split probe 
reagents ("SPRs") each of which includes a target specific region defined by its 
3* and 5* ends and, in non-complementary regions ("NCRs"). primer binding sites 
CPBSs") that are common to each split probe reagent. The 3' and 5* ends of 
each SPR are ligated together only when hybridized to its target-specific template 
strand but, once joined, all SPRs can be amplified by a common primer set in a 
PCR reaction. SPRs may be a continuous strand, the ends of which are ligatable 
to form a loop, or they may be distinct polynucleotide pairs. Specialized sequence 
segments may be employed to facilitate detection on the basis of specific sequences 
and/or length. 
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Multiplex L1gat1ons-dependent Amplification 

Field of the Invention 

The invention relates to methods for amplifying and detecting a target 
nucleic acid sequence and, more particularly, to a method for specifically 
amplifying multiple target sequences using a single pair of primers. 

5 Background of the Invention 

One well-known method for amplification of target nucleic acids is the 
polymerase chain reaction (PCR). In PCR two primers (of opposite "sense") are 
employed in excess to hybridize at the outside ends of complementary strands 
of the target nucleic acid. The primers are each extended by a polymerase using 

1 0 the target nucleic acid as a template. The extension products are dissociated 
from the original target strand and the extension product of one primer 
becomes template for extension of the other primer as* is well understood in ihe 
art. The cycle of dissociation, reannealing and extension is repeated to increase 
geometrically the number of target sequence molecules. PCR is described 

1 5 further in U.S. Patents 4,683,195 and 4,683,202, both incorporated herein by 
reference. 

An alternate mechanism for amplification of target nucleic acids is 
known as ligase chain reaction. (LCR). In LCR, two sets of probe partners are 
used which includes one set of primary probes (first and second probe partners) 

20 and a second set of secondary probes (third and fourth probe partners) all of 
which are employed in excess. One probe partner hybridizes to a first segment 
of the target strand and the other probe partner hybridizes to a second segment 
of the same target strand, the first and second segments being contiguous 
(either with or without a template-dependent correction step) so that the 

25 primary probes abut one another in 5' phosphate-3' hydroxyl relationship and 
so that a ligase enzyme or other reagent can covalently fuse or ligate the two 
probes of the partner set into a fused product. In addition, a third (secondary) 
probe can hybridize to a portion of the first probe and a fourth (secondary) 
probe can hybridize to a portion of the second probe in a similar abutting 

30 fashion, either with or without correction. Of course, if the target is initially 
double stranded, the secondary probes will also hybridize to the target 
complement in the first instance. Once the fused strand of primary probes is 
separated from the target strand, it will hybridize with the third and fourth 

1 
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probes which can be lic-a tpH fn 

the target sequence is achieve tk- * u- "ga&on, amplication of 

reference in their entirety ' b0th mcoi P°»ted by 

of a target strand using a dUencshl ™T h Pr0C<SS mV °' VeS detecHon 

> which are Ugated by alight n / te *» ° f 

.... 8 ^' "s" 6 m "he presence of a tareet-tenrnlato i_ 
of this, a gap between the two probes is first fi] W> h , Vamtion 
before ligation. See U.S. Patent sTa^U, * T?™™ ' Xtmsim 
(Carr). * ^ (U "™ n ' et aI > «™» EP-A-0 246 864 

EP AoST'T f d hybridizatim d «-«on method is disclosed in 
tl A 0 128 332 (Enzo). According to this method a circular "briH^ 
poiynudeotide, is used to hybridize with bo* a tar—^Tto 7 ' 
polynucleotide containing a label or « ^ cTlT 

moiety is used to attach » l^i ~ ^' im? c °mplexing 

bridging molecule " ^ 8r ° UP * ** — * * the 

one circumference. segments representing 

™^p^^^j:;, mu r ,,i,x manner ,o d ~ - e of 

of muMple fn^r sl to Tim ? T ^ ** ** "«*« - 

seouenci by 1 simUaTdi , ' ^ % ° MD ^' 

1 30 (1^88). LCR has similar y been used in * m ..u- i 

^ired for eact '^J^^^^^T > 
sets are present in the same reaction mixture, „ foUows thTam" 7 ? 
conditions must be ad ju s,ed so , hal si g„ a , from Mch p^* 2e, 
a. » PP rox, ma ,e, y the same time. ,„ othe, words, it „ I, p0 ™l ^ 
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multiplex reaction to optimize signal development by changing cycle 
parameters (e.g. cycle time, cycle temperature or the number of cycles) from one 
pnmer/probe set to another; al, must amplify within a constant set of C ycT 
parameters. This has necessitated careful titration of primer/probe 
concentrations and has resulted in compromises that reduce the overall 
efficiency of amplification. 

h ™H g T ati °K J ° f u CirCUlari2ed P robes ™°™g a target specific ligation 
step has been descnbed by Nilsson et al. in Science, 256:2085-2088 (1994) The 
arcularized probes, dubbed "padlock probes" due to their catenation with the 
target, were used for the identification of clones in genomic libraries, fragments 
» blots of whole genomes or for in-sitia analysis of chromosome, The S 
to perform direct hybridization assays with reduced background is possible by 
removal of label from ungated probes, either by alkaline phosphatase 
c eaveage of 32 P label/ or by exonudeoJytic degradation Qf ^ ^ 

oligonucleotide probes. Circularized probes are resistant to label removal and 
degradation since they contain no free 5 1 or 3" ends. 
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Summary of the Invpn tj n n 

The present invention overcomes these and other difficult k 

« targe, sequence ^ TsLI ? Spl " ^ ^ *» -* 

—u-^; ::^r- ^rrr - ft 

efficiency of amplification. maximize the 

' In a first aspect, the invention is a method for amplifying , tart?pt . . 
acid sequence comprising: F ui ymg a target nucleic 

(a) forming a rea tion mixtuK mia hyb ^ 

W a sample suspected 0/ containing a target strand wirt, 

of tatere * 1,16 *- — °- 

(ii) at leas, one split probe reagent having a 5- end 
complementary ,0 a firs, segment of the targe, straL and a 3" end 
complementary to a second segment of the target strand, the s^old 
segment bemg sufficiently near the firs, segment such that , u 
Pined to the 3- end when the Spli , probe L ^ed ^ 

target strand, wherein said 5' end and said 3' end are on twTdisI* 
polynucleotides or on different ends of one continuous ^LuctoLe- 
the spht probe reagent further havine a first „„„ , P ° lynucleotlde ; 
located downstream of the 5' end I f n0 "- c ™Pl™enUry region 

strand a nH . , ™ c ° m P'™««ary to the target 

s rand, and a second non-complementary region located upstream of he 
3 end and no, complementary to the targe, strand; and 

probe rein,;" ^ ** » 3 ' * ends of the spli, 

(b) ligating together said 3' and 5' ends of th P cnU u 

sr^r e *- - -«* - -° l-t: whUe 

(c) separating the ligated probe from the targe, strand- 

(« gating the reaction mixture under hybridising conditions with: 

compear; ^EgT^^ !» « 

complementary region; and where' a JJ I ^ 1 ^ e , - n - 

; a t „r ( " PBS ' i T" m ^ second — ^™ 

region, with the proviso that if said split probe rea«*it ic 

pnmer b,„ d ,„g s „e located in said Js, .US^™^ 

UP -ea m o f said si.e located te said second no n 4»p tal< i^^ n; 
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(ii) a supply of deoxynucleotide triphosphates; and 

(iii) an agent for inducing extension of the primers; 

(e) extending the first primer to form an extension product 
therefrom; 

(f) treating the reaction mixture under denaturing conditions to 
separate primer extension products from their templates; 

(g) treating the reaction mixture under hybridizing conditions to 
anneal the primers to the ligated probe or to extension product of the first 
primer and extending the primers to form extension products therefrom. 

In a multiplex system, there is generally one or more split probe reagents 
("SPR") for each target one desires to detect. Each SPR has a 375' end specific 
for a different particular target, and has two sequence segments common to all 
SPRs that serve as primer binding sites ("PBS") or complements thereof (the so- 
called PBS' site). 

Preferably the agents for ligating and for inducing extension are 
enzymatic agents such as a.DNA ligase and DNA polymerase, respectively The 
polymerase is preferably thermostable. Since the ligase need not be active 
through the cycling steps, it generally need not be thermostable, but in cases 
where hybridization is performed under stringent conditions, (e.g. high 
tempreature) some degree of thermostability may be desirable. Generally steps 
(0 and (g) are repeated from 2 to 100 times, more typically from 15 to 50 rimes. 

It may be preferable to include specialized segments for detection within 
the SPR in a location that will be amplified by the primers. These segments 
may include another sequence that is common for each SPR/ target, specific for 
each SPR/target, or sequences located between the PBSs that vary sufficiently in 
length that amplification products from one SPR can be distinguished from 
amplification products from a different SPR on the basis of length differences. 

It may be desirable to separate unligated SPR from the reaction mixture 
either before or after the ligating step, but prior to amplification. This may be 
accomplished by removal of the SPRrtarget complexes or, in one embodiment, 
by degradation of excess single stranded SPRs. 

In another aspect, the invention is a kit containing the reagents 
necessary to perform the above methods, and optionally including instructions 
for use. The reagents may be in one or more containers and will include at 
35 least: 

(a) one least one split probe reagent as defined above for each target to 
be detected; 

(b) an agent for ligating the split probe reagent; 
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(c) primers as defined above; 

(d) a supply of deoxynucleotide triphosphates; and 

(e) an agent for inducing extension of the primers. 

Brief PpsrrinHon of rti» Pn"yinp 

Figures la through lh are a representation of the method steps of 
amphfymg . target strand of ^ add & fo ^ e ^ 

P jent mvennon wherein the split probe reagent comprises one contin^ 
polyn UcIeotlde/ to ends of ^ ^ complemfin to -us 

*e target sequence such that the ends are ligatable when hybridized ^he 

Figures 2a through 2h represent the method steps of the embodiment of 
shown m Rgures la to lh wherein there is no target sequence present 

Figures 3a through 3h are a representation of the method steps of 
amphfy mg a ^ strand of nude . c accQrding to a different 

of the present invention, wherein the split probe comprises two distinct 
polynucleotides, the ends of which are complementary to adjacent segments of 
^target sequence such that the ends are ligatable when hybridized toThe 

Figures 4a through 4h represent the method steps of the embodiment of 
shown m Rgures 3a to 3h wherein there is no target sequence present 

It should be noted that the subparts (a-h) of Figures 1-4 represent the 
same corresponding stage of the process in each of these Figures. Also, Figures 
1 and 2 are related in showing the same embodiment with and without taLt 
respecuvely. Figures 3 and 4 are similarly related, showing the same ' 
embodiment with and without target, respectively. 
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Detailed Ppscriprion of th» inv fnt p n 

morp 7^?Tu ^ ° f tHe prCSent mverto will now be described in 
more d tail . It WlU be noted ^ ^ ^ 

application menhoned herein are incorporated in their entirety. 
-A. Terminology 

"Amplification'' refers to the process by which additional copies of a 
*rget sequence are synthesized. Generally amplification involves repeated 
cycles of anneakng, synthesis and denaturation. Synthesis is typically by a 
process of extension or elongation. "Multiplex" amplification refers to an 
amph ftcahon process wherein a plurality of distinct target sequences are 
ampkned simultaneously in the same cycles of amplification. Plurality means 
at least two, preferably three or more distinct sequences 

"Split probe reagent" or "SPR" refers to a reagent that is one or two 
polynucleotides which include ends complementary to a specific target nucleic 
acid sequence. "Polynucleotide" includes non-natural binding reagents such L 
peptide nucleic acid analogs (PNAs), that are capable of speciL~ g " 
natural nuclei aad, A split probe reagent ("SPR"), whether consisting of one 
or two polynucleotides, generally has total length between 20 and several 
hundred nucleotides. More typically, the length of a single, continuous split 

half oYT 7 T 3b0Ut 50 ^ 300 nUC,e ° tideS; and the l-ngth of each 

hMf of a dual spht probe reagent is between about 15 and 100 nucleotides. 

While the mxnimum length is important, the maximum length is dictated 
only by manufacturing economy and practicality. 

Split probe reagents can be made by synthetic methods such as the 
phosphoramidite or H-phosphonate methods, particularly when shorter probes 
are desired, or they can be made by standard cloning method, It is also possible 
to synthesize a spht probe reagent in one or more smaller fragments and to 
hgate the fragments together in a desired order using one or more synthetic 
templates that span the assembly junctions. Alternatively, a single strand 
template can be synthesized and large quantities of a complementary split probe 
reagent can be manufactured using a polymerase and a single primer that 
hybridizes to the template at the 3' end. 

" End " ref * rs to a r ^°n or segment of a polynucleotide which includes 
he terminus and the next several adjacent nucleotide, The precise length of 
an end 1S relatively unimportant and variable. For example in the split probe 
reagent, an "end" may include up to the last 50 nucleotides of the probe 
usually up to the last 30 and more typically the last 5 to 25 or so nucleotides 
End may refer to either the 5' end or the 3' end. In the case of a spht probe 
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reagent comprising two distinct polynucleotides (and therefore having four 
ends), "end" refers to those ends which are target- Speci f ic and will pardcipate m 
the ligation event. By contrast, "terminus" refers to the very last 5' or 3' 
nucleotide of a polynucleotide. 

It is not necessary that the two "ends" be the same length. In fact if the 
hybridization and ligation of the SPR take place in the presence of an agent for 
inducing extension and a supply of nucleotide triphosphates, it may even be 
desirable to use a 5' end that is longer than the 3' end. This tends to facilitate 
hybridization of the 5' end relative to the 3' end and is important to avoid 
extension of the 3' end on the target under these conditions. 

r^v^ 0 ^ t0 ^ PrCSent inVenti ° n thC Cnds ° f the s P ]it P' obe ™gent 
( i>PR ) are designed to be specific for a particular target of interest so that 

when hybridized to the specific target, the ends are joinable to one another In 
this regard the patent of Whiteley provides additional teaching with regard to 
target specific sequences that are ligated on the target-template 

"Downstream" refers to the 3' direction while "upstream" refers to the 5' 
direction on any given strand. Thus, when a particular sequence or event is 
located or occurs "downstream" of another specified location, the sequence or 
event can be found moving along the same strand in the 3' direction of the 
specified event. As a result, the downstream (as well as upstream) directions of 
two complementary nucleic acid strands hybridized in conventional anti- 
parallel fashion will be in opposite directions. 

"Hybridization" or "hybridizing" conditions is defined generally as 
conditions which promote annealing. It is well known in the art, however 
that such annealing is dependent in a rather predictable manner on several' 
parameters, including temperature, ionic strength, probe length and G C 
content of the probes. For example, lowering the temperature of the reaction 
promotes annealing. For any given set of probes, melt temperature, or Tm can 
be estimated by any of several known methods. Typically, diagnostic 
applications utilize hybridization temperatures which are slightly below the 
melt temperature. Ionic strength or "salt" concentration also impacts the melt 
temperature, since small cations tend to stabilize the formation of duplexes by 
negating the negative charge on the phosphodiester backbone. Typical salt 
concentrations depend on the nature and valency of the cation but are readily 
understood by those skilled in the art. Similarly, high G.C content and 
increased probe length are also known to stabilize duplex formation because 
G:C painngs involve 3 hydrogen bonds where A:T pairs have just two and 
because longer probes have more hydrogen bonds holding the probes together 



BNSDOCID: <WO 961 5271 A1J_> 



WO 96/15271 

PC7YUS95/14886 



Thus a high G.C content and longer probe lengths impact the "hybridization 
conditions" by elevating the melt temperature. 

Once probes are selected for a given diagnostic application, the G C 
content and length will be known and can be accounted for in determining 

r7 hat " ¥ridkati0n C ° nditi0nS " WiU — Since ionic strength 
s typ 1C all y optimized for enzymatic activity, the only parameter left to vary if 
the temperature. For improved specificity, the hybridization temperature is 
selected slightly below the Tm of the probe; typically 2-15 • C below the Tm 
Thus, obtaming suitable "hybridization conditions" for a particular probe set 
10 and system is well within ordinary skill of one practicing this art 

Conversely, "denaturing" or "dissociating" conditions refer to conditions 
where stringency is increased such that a given probe or probes no longer 
hybridize. For example, under given ionic conditions increasing the 

1 5 InTT t0 4 5 " 15 ' C ab ° Ve Tm ° f 3 P rob «^e duplex results 
15 in a denaturing condition. 

"Ligate" means to covalently join. Agents for ligating include 
enzymatic, chemical and photochemical means. Preferred enzymatic ligatin* 
agents include DNA ligases and the like. Thermostability is not required of 
hese hgating agents. Suitable enzymatic ligases are commercially available 
from numerous sources, such as New England Biolabs, Stratagene, Molecular 
Biology Resources, and others. Photochemical ligation methods are also 
known m the art. See e.g. EP-A-0 324 616 (Amoco) and WO90/01069 (Segev) 
Whence ends of the split probe reagent are ligated, a ligation junction is ' 

25 f Sati ° n jUnCtl ° n Sh ° Uld be f0rmed 50 35 not t0 with the 

25 hgated product serving as template in subsequent cycles. 

"Extend" means to grow or to make longer as is well known in the art of 
pnmer extension and polymerase chain reactions, and generally employs an 
agent for inducing extension and a template. Agents for inducing extension 
include, for example, polymerases and reverse transcriptases. As in PCR 

30 preferably the agent for inducing extension is thermostable in order to 
withstand the denaturing conditions of strand separation. Numerous 
thermostable polymerases are commercially available, including those derived 
from Thermits aquaticus ("Taq") and Thermus flavus ("Tfl") organisms 
Enzyme fragments, such as Klenow and Stoffel, that have the ability to extend 

35 are included within inducing agents. 

"Primer" is used with its conventional meaning and refers to an 
oligonucleotide which can be used for a template-directed extension reaction 
For example, when an ohgonucleotide having a f ree 3' hydroxyl is hybridized 
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m the presence of deoxynueleotide triphosphates with a DNA template that 
cont.rn.es » the 5' director, i, presents ,he proper substrate for a DNA 
polymerase to extend the primer by the template directed addition of 
nucleotide triphosphates. It is common knowledge that PGR amplification 
. quu-es two primers oriented in opposing directions; however, the se« 
of*e pnmers of the invention need no, be different, In other words, the same 

*ePBSs need no, be terge, specific. This may no, be desirable, however due to 
me potential for me PBSs to cross hydridize with one another 

"Target" refers to the section of nucleic acid that one hopes to amplifv it 
may comprise RNA or DNA and may or may no, originate frTm a ch^ca T 

?1 , t eXtIaC,ed from a cUnkal =1^^ » may be necessary ,o lyse a 
eel to refcase me ,,rge, nucleic acid into me reaction mixture. Me mods such as 
heating, detergents, base, and mechanical pressure are wel, known and s^ble 
for Uus purpose. Targe," may also refer to a secondary mediator or 
mtermediate probe that is capable of hybridization wim a primary target 
through one or more intermediary binding members; and to any other natural 
or synmenc nucleic acid or analog .hereof. Targe, strands may be pres 17 
mmally m doub.e-stranded form which are separated far hybridization wi,h 

Where "targe," originates from a clinical specimen, the notion of 
multiplex may take on several nuances. In genetic testing, for example 
mu tiplex ,arge,s can often be selected from among the several known genetic 
mutauons ma, contribute ,o a genetic disease. Th, is me case in cystic fibro 
or DMD Conversely, a multiplex assay may comprise ,es,s for severai genetic 
d^eases .„ one assay. In the field of infectious diseases a similar situation 
holds true. One might construct a multiplex assay that tests for all types of 
human papillomavirus; or for all known HIV variants; or for multiple species 
of Mycohacter,u m . Conversely, a multiplex assay migh, examine mulnpte 

sate? ™ reU,ed " * a ' * ey haV£ ' P"*"** *» "'-4 'he 

same specmen types. A multiplex tes, for both Chta myd ,a trachomatis and 

Neisseria gonorrhoeae illustrates this type of multiplex 

for whlchT^ ° f mUl,ipleX aSSay ' 3 par,iCUlar ^ ^ ***** 

for wh,ch the mvenfon ,s adapted is allele discrimination. Whether for 
detection of point mutations or determination o, antibiotic resistance the 
power of the present invention to discriminate alleles differing by a sin fi le base 
compares favorably wim OLA and its gap-filling cousins de J b / d ^ 
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Mismatches can be distinguished when they occur at or near either the 5' n r r 
terrninus , o, the split probe reagent, or in the gap if a pp*^*^ 
employed. The advantage of the present invention permits amplication by . 
common pnmer pair, but only if the desired allele was present I th Z t 
5 instance to ensure the ligation junction. 

li^TT^'' ^ tC> ° f * P air ° f **** binding 

hgands. An afhruty member thus always has a corresponding or other nZt 
* which it will specifically bind. Many examples of su'ch J^^^ 
known and include antibody-hapten pairs, complementary polyLcleod" 
> pairs biotin-avidin pairs; sugar-lectin pairs, protein-receplpa^ nude* acid 
nucleic acid binding protein pairs and the like. 

The term "label" refers to a molecule or moiety having a property or 
characteristic which is capable of detection. A label may be du-ec^y detectable as 
with radio*oto P es, fluorophores or chemilumiphores; or a label Ly be 
nd ir ectly detectable, as with haptens or polynucleotide tails. When indirect 
labels are used for detection or signalling purposes, they are used fa 
conjunction with a signalling entity complex. A "signalling entity" is a 

molecule or moiety which provides the detectable property or characteristic 
The emity may be direct as w . m a coUoida] 

gold or selenium); or it may be indirect, as with an enzyme (e.g. alkalme 
Phosphatase, 0-galactosidase or horseradish peroxidase). Indirect signalling 

he rT Z X; additi ° nal C ° m ~ •* - * -l^own in 

he art The S1 gn a li ing entity complex" includes a signalling entity conjugated 
to speofic binding partner, such as an antibody or polynucleotide SuT 
conjugates may be prepared according to any known method of conjugation. 

B. Methods of the Invention 

The invention will now be described with reference to the drawing 

anT' 1 31X6 2 rePreSent embodimer * *S-s 3 and 4 reprLnt 

another embod.ment. Also, Figures, 1 and 3 depict what happens when target 

benlTih r S ^ 4 ^ ^ ^ * » should 

be noted that the subparts (a-h) of Figures 1-4 represent the same corresponding 

nd he " ^ ° f ^ RSUreS - F ° r 6aSe ° f diSCUSsi -' ** figures 

and the ensumg description describe amplification and detection of a single 

target. However, the true advantage of the invention is realized when 
multiple targets are amplified and detected at one time using multiple split 
probe reagents, one specific for each target and each having in common the 
sequences for primer binding sites. 
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invent 7 n ; i<>ned P™™*y. *ere are two main embodiment, of the 
mvent.cn. Referrrng firs. ,o Figure 1, a split probe ( .- spR 

~mp„ses a continuous single^tranded polynucleotide. In the other maior 

halves 51 and 52. Since many elements are common to both embodiments 
U-y are designated with single reference numeral in both embodiments ' 
Where differences occur between embodiments they are separately discussed 

u„d ? k ^ ^ °' "* meU,0d ' *" SpU * Probe <* "SPR" is combined 

unde r hyb dl21ng condMons wi(h a soluHon d ^ ombm ed 

a 5 end 14 and 3' end 16 which are complementary to and hybridize sr^ifical.v 

dm! r ^ tW * r ^ Md ' " * "*» >™»* ^ *e ar. that 

DNA hgases are capable of covalently joining such ends which present a 5 
Phosphate and a 3' hydroxyl termini at adjacent « 5 
puung methods may be used when the positions'^ not precisely adi C em 
For example both chemical and photochemical joining methods Lv b en 
ascribed m the ar, (See EP-A-0324 616 (Amoco)and WO90/01069 (Segev, ,» 
ye. another var..tion, a small gap may be left between the 5' and 3 - teLtai Ae 
gap being fined P r.or .o joming by a polymery and a supply of less «lTn a U 
four nuc eotide triphosphates. This type of gap fining region is went own 

ZZZZJEF " us ' M85 ' 243 ~ EP - A -° 246 864 «** - 

Once the SPR 10, 50 and me targe. 12 have hybridized, an agen, for 
W .he 3' and 5 ends is employed to form a ligated probe 18, 58 havlg a 
hgation |unction 20 as shown in Figures lb and 3b. S 

The SPR 10, 50 comprises several other segments which should be 
discussed. SPR 10 comprises one or more regions ,ha, are no. complementary 
to the target sequence. These are described as a firs. non-complementarvT 
("NCR") 22, which is downstream of the 5' end 14, and a ^ 
complementary region ("NCR") 24, which is ups.ream of the 3" end 16 (see 

firsT NCR a ^ h ° U ! d ^ Und , erS '° 0d ' ha ' " SPR 50 (and "f*" «**• 58) the 
hrst NCR 22 typtcally extends downstream all the way to the 3' terminus 

Similarly, second NCR 24 extends upstream all the way , 0 the 5' end 

However, SPR ,0 (and ..gated probe 18, comprises bu, a single, continuous 

strand looping back on itself. In this embodiment, the firs. NCR 22 can extend 

s°eld P N°cL M "° ' Urther In ° ,h " «« *- 

second NCRs canno, overlap. I, is arbitrary, however, where in ,he loop these 
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NCRs converge. To simplify the discussion, it will be presumed that the point 
o convergence is arbitrarily set nearer to the 5' end, i.e. in the lower left portion 
of the loop (see Figures) and that the 5' ends of the primer binding sites (see 
below) define the boundary of the NCRs. In this way, the primers amplify a 
regions including both entire NCRs and the 3' and 5' ends. 

Referring now to Figures lc and 3c, it will be seen that the first NCR 22 
includes a first primer binding site ("PBS") 26. It is to this site that an 
amplification primer 28 will bind as is discussed below. In addition, second 
NCR 24 includes a site 30 which contains a sequence identical to that of a 
second primer 32 (see Figures le and 3e). As is well understood in the art of 
PCR, the site 30 is complementary to a second primer binding site or PBS 34 as 
shown in Figures Id, le, 3d and 3e. For this reason, the site 30 may be referred 
to as "the second PBS' site" the "prime" designation being a common way to 
identify a complement. 

It is important for multiplexing according to the invention that the first 
and second PBS be the same for each SPR. While exact sequence identity is not 
essential- primers can be made to hybridize and extend on templates with 
some mismatches- there is no reason not to utilize exact identity. Since target 
specificity lies in the 5' and 3' ends (14,16) of the SPR, the remainder of the 
polynucleotide need not have unnecessary variance. In this way a common set 
of primers is used to amplify the SPR, but amplification results only if the split 
probe has been joined to form the ligation junction. 

Both the first and second NCRs 22, 24 may also contain other specialized 
sequences for various purposes, such as to facilitate separation and/or detection 
of hybrid complexes. These are discussed in more detail below. 

Once a ligated probe 18, 58 is formed, it serves as a new template for 
amplification by a pair of common primers. Prior to amplifying this template 
however, it may be preferable to separate ligated probe from unligated SPRs 
This can be done by a number of techniques. For example, under hybridizing 
conditions the complex of ligated probe and target may be separated from the 
reaction mixture through the use of affinity members. Affinity members 
useful for this purpose include antibodies capable of recognizing duplex 
structures, and/or a capture hybridization probe specific for a different segment 
of the target strand. Alternatively, in the case of the dual SPR 50, an affinity 
agent attached to the polynucleotide 52 may also be used for this purpose 
Although this affinity mechanism will isolate both ligated and unligated split 
probe halves 52, it will at least remove unligated split half 51 which is more 
likely to generate background than half 52. 
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As an alternative to physically separating ligated probe complexes it is 
also possiblefor continuous strand SPRs to perform a separation by'deg ad n g 
unhgated and uncomplexed single-stranded probes. Exonucleases'are Lo^n 
o attack polynucleotides from exposed ends; but there are no exposed ends in 
the hgated continuous probe 18. . 

Whether or not complexes are separated, the next step involves the 
performance of PGR using the ligated probe as template. 7*is step may involve 
the addx tion of reagents suitable for amplification or, with suitable precautions 
*e ampliation reagents may have been present in the reaction mixture from 
the start. As illustrated in Figures 1c and 3c, the reaction mixture is placed 
^der hybridizing conditions such that first primer 28 hybridizes with the first 
PBS 26 located m the first NCR 22. In the presence of an agent for inducing 
extension and suitable nucleotide triphosphates, primer 28 is extended using 
the hgated probe as its template to form an extension product 36. Upon 
denaturation, the ligated probe 18 or 58 is separated from the exte Jon product 
36 as is shown in Figures le, Ig, 3e and 3g. As additional cycles of denaturation 
annealing and extension are performed, the excess of first primers 28 continue ' 
to hybridize to ligated probe 18, 58 and to form extension products 36 as shown 
m Figures ; Ig, lh . 3g and 3h. It will be obvious that each extension product 36 
wH include a second PBS 34 as a result of extension over the second PBS' site 
30 found in the second NCR. As shown in Figures le and 3e, second primer 32 
will hybndize under hybridizing conditions to the PBS 34 and, in the presence 
of an agent for inducing extension and nucleotide triphosphates will be 
extended to form second extension product 38. It will be readily recognized by 
those skilled in the art that extension product 38, by virtue of extension to the 
end of extension product 36, will also contain the first PBS 26 It is this 
inclusion of the second PBS in the extension products of the first primers and 
vice versa, which permits the exponential amplification in PCR reactions 

In Figures 2a to 2h and 4a to 4h, is shown the same progression of events 
as they would occur in the absence of target. Figure 2a shows the continuous 
split probe 10 including the 5' end 14 and 3" end 16, as well as the first NCR 22 
and the second NCR 24. Similarly, Figure 4a shows the dual SPR 50 including 
the 5' end 14, the 3" end 16, the first NCR 22 and the second NCR 24 In the 
absence of target, no ligation junction is formed as is shown in Figures 2b and 
4b If unligated SPR is not separated out, first primer 28 can anneal to its PBS 26 
is shown m Figures 2c and 4c and, as shown in Figures 2d and 4d, a partial 
extension product 66 is formed. But in the absence of a ligation junction the 
extension product is incomplete as shown in Figures 2d and 4d. Nevertheless 
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provide a PBS 26^f f ' ' " ^ ta <° 
products 66 w,l. be formed as is shown in Figures 2e, 2f , 4e and 4f. In the 
absence of extension across the ligation junction, extension product 66 will 

exZ C ° nta f r he ^ ^ WWch ™" P-* VbriLtion and 
extension of the second primer 32. Thus, as shown in Figures 2* 2h 4 e mJ - 
there will be no second extension product whatsoever ar^Ls ™ & 
exponential amplification. 

i o ^J 1 * T.! BdVantage °' * e Present mven « OT is *« split probe 
0 reagen can be designed to include 3' and S ends which are specific for a 

PBSs which are common to a plurality of SPRs. In this manner, a single set of 
common pnmers, and a single m of amplification conditions which „ 
optimized for the common primers, can be used to amplify a plurality of ta re et 

ZTLId d"' ^ M * fc - amp^caZ 

Double-sh-anded amplication products are generated only in the presence of 
*e specific target of interest, which causes formation of the iigajn itTrton 

^ wm b T fi r er c ° mmon ' «*» T^fic 

SPR will be amplified only if its specific and unique target was Dresent ini« n 
!0 to cause ligation of the split probe reagent P 

Detection of the target sequences) proceeds according to any known 
method for detecting the amplification product of a PGR. Several possible 
rne^ods are discussed beiow, keeping in mind the requirements imposed by 
mu, np ,e X assay , The firs , consideratjon „ whe(her or P T 

« particular case to differentiate among the targets detected in a multiplexes! 
Depending on the targeU.differennaHonmayno.be require. For example 
multiplex assays may be performed to detect HTV-1 and HTV-2 but the ' 
practitioner may need to know only whether either is present.' Similarly a 
prachhoner may need to know only that a patient is infected with a -high-risk" 

» HPV type, no, whether i, is type !6. type 18 or type 33. In these cases i, is 
uneccesary to differentiate among the various targets and a generic detection 
scheme may be used. 

In contrast, when the practitioner needs to differentiate the targets a 
dominating detection scheme is required. For example, in genetic teshn* it 

' e r eSSary 10 ^ WhiCh ° f ^ ° r ™" ^ P-n, In "h ca s 

where d^cnmmatmg detection is desired in heterogeneous assays it is 
preferred to use a capture system and label system such that at least one 
(capture or label) system is unique for each target and specific for the 
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amplification product made in the presence of that target. The other svst. 
-ay be common to all targets or may also be unique 7 * 

gment of the SPR (or amplification product therefrom). Such a uruW 
segment may be the target specific regions of the 3' and/or 5' ends n , . 
distinct unique segment inserted into the SPR at anv In , u ^ * * 
% using unique capture to physically ^HS^r^ 

Unique labels include labels that can be differential c „ u 

> Common capture or detection can be accomplished by, /or exanmle 

Hiding a common detection segment in each SPR ru e s e gmen t m 7y 
overlap w„h the primer regions, since they are common alrea^* is mav 

dtstmct segment, preferaWy be*veen the PBS' and the ligation junction Z<i 

Alternately, a common capture or detection component can be introduced 

Tec^Cr ^ PrimerS " e ™ t0 a " ^ ~ I'M or 

r ami 7 h g mmber 15 MSily in, ° 311 -"PHtation products. 

For example, the pnmers may contain a 32 P tag or th be b 

termmus. Techmques lor so labeling primers are well known fa the art 

From the above discussion of detection, it should be clear that specialist 
segments can be mciuded in SPRs to /aclitate separation and/or It" 
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Another specialized insertion may simp I y 
segmen,, the sequence of which is unimporjt^ov^ ^7 ^ 
target specific reeions or PFKc un, / "viaea it does not contain 

'° on a ge.it is pJ^nZ^^Z Pr ° dUClS WiU * - 

■nolecurar wefght, as ^Z" ^! ^ *** <"«"* 

*rge, sequence might have 3' and s ^T^'l^"' ** * fel 

s r a j::z x::r^:rr 5 fte r spr - 

routine to discriminate basf^™, ^ ^ T * " " 

*> ,„«, bases. Such geis J 7 he vis^ ^ l^h as^f " " '° 

brom,de or by employing isotopically labeled primers d ' Um 

Of course, there are many variations on this technique all r,, „w u 
within the invention, including the use of mMl„ m " ,Ue a " of wlu * are 
disclosed in US. Patent 4 751 m To L Z 7 ^ " * 

detecuon probe as is disc^T^ S« ^ " 
variations include vutuaHy any order of ^ * ™~ 

needs, and vaU -p^SS^T" * "* 

C Kirs o/ f7»> Invention 

Kits according to the invention include a suitable supply of ,h , „ • 
reagents in one or more suitable containers- 7 fol,owi ng 

• at least one SPR for each desired target nucleic acid sequence 
an agent for hgahon, preferably a ligase enzyme; 
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• a first common primer having a sequence complementary to th ,■ 
— PBS *• «- NCR of the SPK; andsec.nd rmon D ' lK ' 

' — ;^:~7 such * a p °— ■* • 

• deoxynudeotide triphosphates 
pr^Ll" ^ ^ PreSen ' ta ' "* *« ««— •- More 

means for detection such T ™ y ° Pti °' aUy indude '""her 

and/or s^ZTmI T? " ^ ™ ">* 

^ration o^eC^e^ ~* *** — - or 

serve t^X" ^ ^ — **** «" ^ "** 

Examples 

Each of the following polynucleotides is synthesized- 

5 .^u^ " C SPHt Pr0be reagem <SEQ ID N0 ' " *■ -f-cr 

ACAGCTCTTG mKU^K TO«0«ACT 
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A HPV 33 specific split probe reagent (SEQ ID NO 3) havina 

^^^^^^ GAGGAGTCCA TGACG ^T 

o 

A common PGR primer A (SEQ ID NO. 4) having the sequence: 

5 1 -GATGAGTTCG TGTCCGTACA- 3 • ■ 

A common PCR primer B (SEQ !D NO. S) having the sequence- 
,0 . = -OGTTATCOA* ATCAGCCACA G-3 • • and 

A genenc det ecH on probe (SEQ ID NO. 6, having the ^ uence: 

5 ' -TGGAGGAGTC CATGACGAAA- 3 - 

In the three SPRs (SEQ ID NOs 1 v fk D . j .• , 
*e 5" end and 3' end whi ch are sneS e ' t mderlmed P 0 ""** 
end 0 / each SPR (SEqTd NO^ T l ^ ^ ^ets. ™e 5' 

' « P-er A (SEQ ID NO 4, £™L" "T*" 5 *" '° """"" * end. 
primer B (SEQ ID No's ^Z^T *" "* ** 
<*e -SmenUO O^!^^^^ " "~ * 
mat of the detection probe (SEQ ID NO sV t t Segment is 

compiementatv strand or ^ f * l ° * e 

- probe .quence are derived lZ>^ ~ - - 

concent ^^^T " — 
SPR (SEQ ID NOs 1-3) Ther! ' NA " re mcubated wi * each 

respective HPV tareets Whon o„ i j , an neal to their 
DNA ligase wiH I t 5 and 3 h 

30 moiecule Tne reason! ! ^ T ^ P** 6 '° P rodu <* a circular 

Kg~ if des^i *" ^ * 10 »*■ * "activate the 



35 



each dATP, dCTP. dC^ Z T , ' ^ mM ^ 2 °° "> M 

PCR primers A and B (SEQ^D NOs 4 sT i ff ' ab ° U ' 
Reactions are cycied for 40 'h' * ^ ° NA Phrase, 

and 1 min. at 65°C " COnS1S '" 8 " ' mmUte " 95 ° C ' 1 « 55°C 
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After amplication, reaction products are visualized following 
electrophoresis through a 1% agarose gel and staining with ethidium bromide 
The predated 127 base pair PGR product is produced only when the P ro2 •' 
probe and HPV target are present in the same reaction. P ? ^ 

In an alternative detection method, PGR reaction products are mixed 
v^han excess of the generic detection probe (SEQ ID NO. 6) which has been 
32P-Iabeled at the 5' end with y -32 P _ AT? md polynudeotide ^ ^ 
— is heated to 95°C for 1-5 min. and cooled to 55'C for 1-5 min An 
aliquot is then electrophoresed through a 10% non-denaturing polyacrylamide 
ge Hybridization of the probe to PGR amplification product l i^^Tr 
autography. Once again, the labeled gel shift products are produced on Iy 
when the proper split probe and HPV target are present in the sLe reLti on 

E^mple^: Multiplex amplification of sections of the CFTR gene and 
detection of Cystic Fibrosis mutations S 

Cystic fibrosis ("CF") is caused by mutations in the Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) Gene. Zielenski et al 
Genomic DNA sequence of the cystic fibrosis transmembrane conductance 
regulator (CFTR) gene , Genomics 10, 214-228 (1991). The mutations most 
commonly causing CF are those specified as AF 508 , G551D and W 1282 X. AF 508 

riii a K a i e deietion at dna positi ° n 1653 ^ — £ 1- 

phenylalanine which occurs at position 508 of the normal CFTR protein- G 551 D 
specifies a G to A change at DNA position 1784, causing replacement of ihe 
normally-occurring glycine at position 551 with aspartic acid; and W 12fi ,X 
specify truncation of the CFTR protein after position 1281 by creating a 
nonsense mutation (G to A at DNA position 3978) causing the genet code for 
no amino acid at position 1282, rather than the normally occurring tryptophan. 

Each of the following polynucleotides is synthesized; 
A G551D specific split probe reagent (SEQ ID NO. 7) having the sequence 
5'- TCTc<^r T r A nTGT^rvrr ctcttgtacg gacacgaact catcctctgg ' 

TTATCGAAAT CAGCCACAGC TCTTGGAGGA GTCCATGACG AAACTCTAAA 
GAAATTPT TQ CTrCT^r. ^.-i • . 

A W 1282 X specific split probe reagent (SEQ ID NO. 8) having the sequence 

S' -CACTGTTSCA AftGTTATTftA ftT CTCTreM CGGACACGAA CTCATCCTCT 
GGTTATCGAA ATCAGCCACA GCTCTTGGAG GAGTCCATGA CGAAAGATGA 
ACTGATTGCC CGTCTCTCTA CTCPA&ar.r.r tttv^ ? . . 



BNSDOCID: <WO_ 



20 



WO 96/15271 



PCT/US9S/14S86 



A AF 508 specific split probe reagent (SEQ ID NO. 9) having the sequence- 
5- ATgATATTTT rTTTMTQOT nrr crcrm acggacacga actcatcctc 

T GGTTA TCGA AATCAGCCAC AGCTCTTGGA GGAGTCCATG ACGAAAGATG 
AACTGATTGC CCGTCTCCGC TCGCTGGGTG AACAACCTCT ^^ATTCATC 
5 AT AGG A A & r & nn^ . . ' fli ' ftlC 

A common PCR primer A (SEQ ID NO. 4) having the sequence: 

5 ' -GATGAGTTCG TGTCCGTACA- 3 ' ■ 
A common PCR primer B (SEQ ID NO. 5) having the sequence: 

5 ' -GGTTATCGAA ATCAGCCACA G-3 1 ; 
A G551D detection probe (SEQ ID NO. 1 0): 

A w'"*J*? AAXTTC TTGCTC GTTG ATCTCCACTC AGTGTGATTC C-3 ■ • 
A W1282X detection probe (SEQ ID NO. 11): 

15 A ab '^ TCCAAAGG <^TTCCTTCA CTGTTGCAAA GTTATTG AAT - 3 • • and 

15 A AF508 detection probe (SEQ ID NO. 12): ' 

-TATATTCATC ATAGGAAACA CCAATGATAT TTTCTTTAAT GGTGCC-3 • 

th* v ^ S?RS (SEQ 10 N ° S ? " 9) thC """W P^ns represent 
ST ? , Pr ° beS (SEQ ID N ° S ^ desi ^ ed to ^idize 

m^^Tt resi r once ^ ends are ugated - ™ e s ' <* -h 

(SEO ID NO ^ } Ph ° Sph0ry,ated t0 P r0Vide * Stable end. Primer A 

SEO ID NO t " C ; mP 7 entary t0 ^ ^ itaIid2ed S ^ Uence and P^er B 
(SEQ ID NO. 5) lS ,dentical to the second italicized sequence since it like 

segment 30 (figures lc and 2c), is a PBS' site. The primer sequences 'and the 
deferential length insertion sequences are derived from bacteriophage lambda 

Individual reactions including genomic DNA containing either the 
GssiD, the W 1282 X or the AF 508 mutation within the CF gene are incubated 
with each SPR (SEQ ID NOs. 7-9). The reaction contains !0-50 mM Tris pH 8 3 
.0 1-5 mM MgClz 20-50 mM KC1, 0,-10 uM NAD/ATP cofactor, 1-5 uni* of DNA 
hgase and approximately 15-30 nM of SPR in a volume of 50 ul. The reactions 
are heated to 95°C for 1 minute to denature al, double stranded nucleic acid 
and cooled to 55°C for 1-60 min. to allow the split probes to anneal to their ' 
respects mutant targets. When annealed to the proper mutant target 

circular molecule. The reactions are then heated to 100°C for 10 min tn 
inactivate the ligase. 
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Reactions are then diluted to 100 ul for ppd w . 
conditions ar e ^ ^ Tris pH ^ ^ ™ „pM - ™ 

each dATP, dCTP, dGTP, 7TP, 0.001% (w/v) gelatin »h 7, » 

primers A and B (SEQ ID NO , «, a J ^ ^ J^T" ^ 

h. ^ ampUflca,ion ' P^ucts are visualized following 

mutH0 „ a., 163bp for ^ 
st: *:rr sp,,t probe Md mu,ant ^ ~< - ^ * 

In an alternative detection method, PCR reaction * 

label Thus.pnmerA.sbiotinylateda,its5'end. Following the toasT 
-action (as above), uniigated S PRs are degraded using exonudea^ „ hich 
" W no, to act on circulated probes. Amplification proc^abte 
the bionnylated primer being incorporated into extension producfo * 7 , 

accrete spots ,n a linear array on a sheet of nitrocellulose and dried The «h~ t 

« T*Z \Z V ps are facubated under h ^ brid ™8 «»»-»*»». 

w h saTn , " SamP ' M ^ indiV " dUa ' « fo »<»« "rip , 

with sample from a patient having the G 55 ,D mutation, strip 2 with samole 
tarn a patient having the W 1282 X mutation, and strip 3 with sampfe frZ 
patten, having the AF 508 mutation. After incubation the «£TjT 
washed and incubated with a conjugate of anti-biotaolloida^ gold To w 
a rinse, the strips are observed for the presence of a r^JlZJ^ 

*e patient's mutation should be visible. specific for 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: John J. Carrino 
<ii> TITLE OF INVENTION: Method of Multiplex Ampli f ication 
(iii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS • 

(A) ADDRESSEE: Abbott 'Laboratories 

B STREET : 100 Abbott Park Road 

(C) CITY: Abbott Park 

(D) STATE: Illinois 

(E) COUNTRY: USA 

(F) ZIP: 60064-3500 

(v) COMPUTER READABLE FORM- 

(A) MEDIUM TYPE: Floppy disk 

!r! , C 1 PUTER: Apple Mcintosh Ilci 
n SYSTEM : System 7.0.1 

(D) SOFTWARE: MS Word 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION * 

(A) NAME: Thomas D. Brainard 

(B) REGISTRATION NUMBER • 32 459 

(O ATTORNEY DOCKET NUMBER :' 5626 . US . 01 

(ix) TELECOMMUNICATION INFORMATION ■ 
(A) TELEPHONE: 708/937-4884 
<B) TELEFAX: 708/938-2623 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO-1- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 127 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO:l: 



TGCATAAGCA CTAGCATTTT CTGTGCTCTT GTAnrraran ™ *^ 

ssss? ss 

(2) INFORMATION FOR SEQ ID NO: 2: 



U) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 127 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

fii) MOLECULE TYPE: synthetic DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO ■ 2 ■ 
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{2) ^FORMATION FOR SEQ ID N0.-3- " 
(1) SEQUENCE CHARACTERISTICS • 

A ^TH: 127 base pairs 
B TYPE: „ uc leic acid 
n fT^EDNESS: single 

«*i> «^~2S5iiS^ t s D n g ll0 . J . 
EEF 2S SSSSS S3S ~ 



60 
120 



INFORMATION FOR SEQ ID NO- 4- 127 
(1) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 20 base pairs 
B TYPE: nucleic aciS 
C STRANDEDNESS: single 

Mn?L T ° P0LOGY: lin«r 
MOLECULE TYPE- „ • 

GATGAGTTCG TGTCCGTACA 



(ii) 
(xi) 



(2) 



INFORMATION FOR SEQ ID NO- 5- 20 
(1) SEQUENCE CHARACTERISTICS - 
A) LENGTH: 21 base pa i rs 
B TYPE: nucleic acid 
m fJ^EDNESS: single 
(D) TOPOLOGY : linear 



(ii) MOLECULE TYPF Jt^Zt* ■ 
GGTTATCGAA ATCAGCCACA G 



(2) INFORMATTftM r.~r, 21 



INFORMATION FOR SEQ ID NO- 6- 
(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH, i 



(A) LENGTH: 20 base pairs 
' TYPE: nucleic acid 

(C) STRANDEDNESS .- single 

(D) TOPOLOGY : linear 
MOLECULE TYPE: synthetic DMA 
SEQUENCE DESCRIPTION : SEQ ID NO: 6: 

TGGAGGAGTC CATGACGAAA 



(ii) 
(xi) 



(2) 



INFORMATION FOR SEQ ID NO- 7- 
(1) SEQUENCE CHARACTERISTICS 

(A) r.PMr-Tu . i i r> i 



20 



(xi) 



(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

c™ ULE TYPE: synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID N0: 7 : 
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S£2£ S5SKS SS 25«*» ™~ 

AAACTCTAAA GAAATTCTTG CTCGTTGA 

(2) INFORMATION FOR SEQ ID NO- 8- 

(1) SEQUENCE CHARACTERISTICS • 
(A) LENRTW- m i '. 



60 
118 



(A LENGTH: 137 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

11 MOLECULE TYPE: synthetic DNA 
<*i> SEQUENCE DESCRIPTION: SEqSnO:8: 

iS JSSK2 SSSSS5* CTCATCCTCT ™- 

CTCCAAAGGC TTTCCTT «TCCATGA CGAAAGATGA ACTGATTGCC CGTCTCTCTA 

(2) INFORMATION FOR SEQ ID NO- 9- 

(1) SEQUENCE CHARACTERISTICS- 

B) TYPE: nucleic acid 

(C) STRANDEDNESS: sinqle 

(D) TOPOLOGY : linear 
in) MOLECULE TYPE ■ k ► 

fxi) SEQUENCE DESCRIPTION^ seQ D JD NO: 9: 

2S ZSJES 2SS£ Sf ACGA ACrcA ^TC TGGTTATCGA 
TCGCTGGGTG AACAACCTCT JS™™* ^JccS 

(2) INFORMATION FOR SEQ ID NO: 10- 
(1) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 41 base pairs 
B) TYPE: nucleic acid 

AAAGAAATTC TTGCTCGTTG A^TCCACTC AGTGTGATTC C 



60 
120 
137 



60 
120 
163 



(2) 



41 

INFORMAL FOR SEQ ID NO: 11- 
(l) SEQUENCE CHARACTERISTICS • 
(A) LENGTH: 40 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

xi «^ CULE TYPE: synthetic DNA 
<X1> SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT 

40 

(2) INFORMATION FOR SEQ ID NO- 12- 
(1) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 46 base p airs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(H) MOLECULE TYPE - cm,,u 
TATATTCATC ATAGGAAACA CCAA^ATAT TTTCTTTAAT OGKCC 
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What is Claims 



is: 



comprLg: A meth0d f ° r ampUfyfn « * "V "udeic acid sequence 

w a sample suspected of containing a tareet stranri , ■ * 

ssr - ^ - — — ^ ~Ce a 

complements t „ , sec0 nd segment of the target strand the t , 

polynucleotides or on different IT , ° n ^ 

*e split probe reaee",^ h °' T l**™*o(ki« 

probe .agent" ^ ** ^ MW 9 and 5 ' »* °< «* 

«ed JS^S^££ f r °' "* «* ^ -^nt whi,e 
ligation junction; V '° ! °™ ' ,iga,ed P robe >»™$ = 

fc) separating the ligated probe from the target strand- 
«) «a ta g , h e reaction mixture under hybridizing conditions ^ 

complementary region with he nr V " ^ 8KODd n ° n ' 

y region, with the proviso that if said s D lit nmho . 

(.. ) an agent for inducing extension of the primers- 
therefrom; ^ "* ^ » *"» « P^uc, 
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0) treating the reaction mixture under denaturing conditions to 
separate primer extension products from their templates; 

(g) treating the reaction mixture under hybridizing conditions to 
anneal the pnmers to the ligated probe or to extension product of the first 
pnmer and extending the primers to form extension products therefrom. 

formation f meth ° d ° f ^ 1 fmher C ° mprisin * 3 Ste P of dete <*n g the 
formation of pnmer extension products that have been extended through the 
ligation junction. 5 

3. ^ method of claim 2 wherein said split probe reagent includes: 

(a) a further segment having a unique sequence that is 
»d by a .abeled probe or . captu , probe J,, J quc for *^ flc 

. > ■ , . W 2 fUrther se 8 ment havi "g « defined length such that the 
^ ength of extension product fonned there,™ is unique for . 
target sequence. ^ 

4. The method of daiml wherein the split probe reagent comprises 
one continuous polynucleotide such that, when ligated, a continuous 
polynucleotide loop is formed. 

step often J"" "T? ' fU " he ' t0 "I»"tag 

*ep of step (c), an addtBonal step of separating split-probe-reagenttarge, 
Comdexes from unhybridized sp.it probe reagents in the reacL mixture. 

«• The method of claim 5 wherein said split probe reagent comprises 
one congous polynudeonde and wherein said additional separat 1717 
comprtses selectively degrading unligated split probe reagent P 

identic!, s^T^ " ^ ' " ^ *" ^ *™ d ^ "»« 

8. The method of claim 1 wherein a plurality of split probe reaeents 
«e used m the same reaclion ^ ^ J ? having 5 and - 

the PBS located m said ftrst non-complementary region and the PBS' site 
located m said second non-complementary region, whereby each such split 
probe reagent, once ligated, is amp.ified by a common prfaL set 
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one ormore i^JZT"^ * ^ ^ *™ * 

segment such that 5 end can be joined to the 3- end when the split probe 
* gen, is hybruuzed with the target strand, wherein said 5' end and s "d 3" end 
ar on two disttnct polynudeoddes or on different ends of one congous 
^ynudeobde; the split probe reagent further having a first non 
comp ementary region located downstream of the 5' end and no, 

IocTt^ m T y '° f ttrget Strand ' 3nd 1 SKOnd "-complementary region 
located upstream o, the 3" end and no, complementary to the targe, sLT 

reagent " * ^ 5 ' ends *• ^ P<°* 

<C> ™ ° f Primere WhCTein a firsl P"™* a sequence 
comp ementary to a primer binding site (TBS") located in said fL. no„- 

proviso that if said spht probe reagent is continuous the primer bindine site 
ocated » said firs, non-comp.ememary region is ups,rean, o, said ^ ed 
m said second non-complementary region; 

(d) a supply of deoxynudeotide diphosphates; and 
« an agent for inducing extension of the primers. 

10 ™ eld,ofcl!,im9 ™"'PTOinga p luraUryofspUtproberea i! ents 
each spin probe reagent having 5- and 3' ends compLenV.oTd f^' 
urge sequences and each having in common the PBS loca J ta saM fc, L 
complementary region and the PBS' site located in said second"! 
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